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Abstract 
Industrial robots in combination with their peripherals represent flexible, versatile and cost efficient automation systems. Especially small and 
medium sized enterprises (SMEs) often need additional support regarding the technical and economical evaluation of such systems. 
Furthermore, there is a lack of knowledge regarding automatable processes and corresponding peripheral devices. For this purpose, a method is 
developed that allows SMEs to assess automatable processes, their investments and benefits in the early planning phase. The paper presents a 
methodology for the planning of robot systems in an early stage and details of one step. 
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1. Introduction and motivation 
Current global trends, which lead to more and more 
individual products, such as the increasing consideration of 
customer requirements pose new challenges to production and 
production systems. One challenge of individual products are 
decreasing lot sizes. This leads to a demand for flexible and 
adaptable production systems. [1] 
The industrial robot as a flexible production assistant 
therefore becomes increasingly important. Not only in large 
companies the application of industrial robots is playing an 
essential role, also in small and medium-sized companies 
(SMEs) that sometimes have to handle small lot sizes and a 
high variety, it is becoming increasingly important [2]. The 
current statistics of the International Federation of Robotics 
(IFR) show that about 40% of all industrial robots are used in 
the automotive industry and about 20% in the electronic 
industry [3]. In both sectors, the robot is mostly used in mass 
production for special operations, such as screwing or welding 
in 3-shift operation, and is reprogrammed rarely to never. This 
can be quite different in SMEs, in which the robot is needed 
for one task only a few hours and afterwards for another task. 
In this case, the flexibility plays a central role. [2] Especially 
for companies that aren’t concerned with industrial robots but 
are facing constantly changing or varying products, it is often 
difficult to assess whether an investment in a robot is 
profitable from an economic and entrepreneurial perspective. 
For SMEs profitability of an investment is very important 
because their capital base is usually small and the asset in the 
machine is bonded and reduces the liquidity of a company. In 
addition, the necessary planning capacity in SMEs is not 
always available for the evaluation and purchasing of complex 
robot systems. The request of companies not to discuss any 
idea with a contractor is adverse to this [2]. 
The complexity according to [4] can be assessed by four 
criteria. These are diversity, multiplicity, ambiguity and 
variability. [4] Concerning robot systems, diversity on the one 
hand reflects the possibility to contain different peripheral 
components, on the other hand, different robot types can be 
used for the same process. Multiplicity largely results from 
the amount of components required for a robot system to solve 
one task. Ambiguity is reflected by the different solutions for 
one problem, such as checking the presence of a part by 
mechanical contact switches or optical sensors. Variability on
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nearly no prior knowledge in robotics. The method can be 
further used to compare different production systems. It 
should be possible to compare a completely manual solution 
with a fully automated and a semi-automated variant from an 
economic point of view. Another benefit of the method is a 
list of requirements which can be used by system integrators 
to reduce the required input from the customer in the 
preparation of an offer. 
The fundamental objective of the method is to provide the 
user with an overview of the possibilities of a robot and a 
statement about the economics of various robot systems with 
as little input as possible. Therefore the automation of 
products and processes will be addressed to. To guaranty this, 
data from the user are systematically requested in a 
questionnaire, similar to a specification and collected in a 
database. These data can be varied in a sensitivity analysis. 
Based on this information, requirements of the product and 
the process to the robot system are defined and a range of 
possible components is suggested out of a database filled with 
component information, such as the range and payload as well 
as the weight and the price of a robot. The information can be 
uploaded by the suppliers in a given format and then 
automatically be included in the database. Based on the 
components the efficiency of the robot system is then 
calculated and if required, compared with other solutions, 
such as a manual execution of the task. The method can also 
be used to give the user an overview on the prerequisites for 
successful automation. The general structure is based on 
existing planning methods described in section 2 and shown 
in Fig. 2. 
Initially, based on input data or information of the user an 
evaluation of automation in terms of the product and the 
process takes place. The result of this is on the one hand an 
indication of the degree of automation, for example “can be 
automated without limitation”, and on the other hand a list of 
possible components which are needed for the execution of 
the task, for example which robot or feeder can be used. With 
these data and already existing layouts, a rough layout is 
created, that gives a first overview on how the robot cell can 
look like. This provides an indication of possible time and/or 
space requirements. For the economic evaluation and
comparison e. g. with a manual solution, more information is 
needed and requested, for example the number of shifts a day.  
The output of the method is a list of rules for the product 
design in order to achieve the automation of the production. A 
list of usable components, a rough layout plan and a report on 
the economic evaluation of the system are provided, too. The 
method generally works like a consulting system that provides 
the user with information and supports a decision. [8] 
The following chapter gives an overview on the first step 
of the method, the product analysis. 
4. Product analysis 
The challenge during the product analysis is making a 
statement about the grade of automation ability using few 
non-detailed information being acquired during the decision 
phase. In order to develop an evaluation method for this 
problem different approaches for product development are 
used. On the one hand, guidelines for assembly and 
automation-friendly product design [9] will be included; on 
the other hand already existing methods for evaluating the 
degree of automation [10] will be used. On the side of the 
assembly and automation-friendly product design, there are 
already tools and catalogues, which should be used by 
designers. Due to the tedious training in such tools or catalogs 
and the elaborate application, these are rarely used [11]. 
Furthermore, the approaches are usually very specific, so that 
they cannot always be applied to existing products [10]. On 
the side of the evaluation of the degree of automation, it is 
sometimes impossible to estimate, for example, whether the 
space is large enough to join one part with another part 
without prior knowledge on the gripper and the gripping 
process. 
The method should be used for different levels of detail. 
Therefore, the user can first decide if he wants to do the 
planning for a product that does not exist, a variant of an 
existing product or an existing product. In all cases, the user 
first selects the process, for example assembly or welding. 
The assembly represents the most complex process, due to the 
variety of items. Therefore it is considered in the following. 
If the product is not yet available, a few data suffices for an 
initial planning. The user in this case inserts the weight of the 
product, which has influence on the gripper and the payload 
of the robot. Furthermore, the size needs to be entered in the 
form of the maximum dimensions of the product by the values 
length, width and height. This has an influence on the gripper 
and the working space of the robot. The user will also get a 
list of rules that should be followed during the design of the 
product so that the product can be produced automatically. 
For a variant of an existing product as well as for an 
existing product, the user enters detailed data in form of a 
multiple choice questionnaire. In this case data to each 
handled part, each module and the entire product must be 
entered. Data such as the weight and the number of parts or 
modules are determined automatically from the data already 
entered. In addition, geometrical, material and bonding 
characteristics must be entered. An example of a geometric 
property of a product is the gripping surface. The stiffness is 
for example a material property of a part whereas the 
direction of joining could be a bonding characteristic. If two 
properties influence each other, such as the number of 
preferred positions and the base, this will be considered in the 
selection options. 
Information for the automation of new product variants are 
given. Suggestions for improvement are provided on the 
completion of the input, too. For an existing product, there 
will only be a feedback, whether the product is automatable or 
not, since most of the products cannot be changed in this 
phase anymore. If desired, however, suggestions can also be 
given here. 
The questionnaire is thus new generated for each new robot 
cell, based on the process and the knowledge of the user. The 
single queries also vary according to the input. For example 
there is no additional benefit if there is a question for the base 
if there are no preferred positions. The order of the questions 
thus plays an important role and is considered in the method. 
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5. Conclusion and Outlook 
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